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INTRODUCTION
8 niche specialisation of the species in our communities. These steps are described in 154 detail below. 155
Step i -Assessing aridity niches using species distribution models 156 SDMs are nonlinear statistical models relating abiotic variables (predictors) with 157 species occurrences (response variable) at regional or global scales. We obtained 158 species occurrences from the Global Biodiversity Information Facility (GBIF, 159 http://www.gbif.org/). For simplicity, we used only aridity as the sole abiotic factor for 160 our SDMs. Aridity is a good proxy for water availability, which is the most influential 161 abiotic factor for plant survival in drylands (Whitford 2002) , and is a key determinant of 162 both species interactions and composition in drylands (Callaway 2007; Soliveres & 163 Maestre 2014) . 164 We performed SDMs using MAXENT (Elith et al. 2011) as fully described in 165 Appendix S1. The result of MAXENT is a function relating the suitability of a species 166 with aridity (i.e., the "aridity niche"). Based on the aridity niches, we then estimated the 167 "aridity-driven abundance" (Aab), i.e., the expected local relative abundance of each 168 species based solely on the aridity level of each surveyed site and the other species able 169 to colonize the site (see Fig. 1 
.a). 170 equation 1 171
where nsp is the number of species in the community, SP is the species performance 172 calculated as the habitat suitability for the species yielded as an interpolation between 173 the species niche and the aridity observed in the surveyed communities. To ensure 174 comparability of SP, we standardized niches to their maximum (thus it ranged between 175 9 occurring proportionally to its aridity preferences (as measured with the aridity niches). 178
We assumed that relative abundances in the community emerge from sampling the 179 species pool according to the local aridity level, thus, the relative abundance is the 180 density expectation of sampling all species present in the community, each with a 181 probability that depends on its SP. 182
183
Step driver, as it supposes extra stress to species maladapted to local conditions. We used 201 this analysis to understand variations in the importance of aridity-driven abundance (see 202 step iv) across aridity gradients. Additionally, this analysis indicated whether 203 information extracted from SDM matched the one provided by observed patterns, as the 204 local abundance of a species in a given community should exhibit aridity optima around 205 the local aridity conditions of such community (meaning that the community is locally 206 adapted to the aridity). 207
Second, we calculated the community weighted mean of niche breath (CW-208
Niche breadth) and shape (CW-Niche skewness) to assess the degree of species 209 specialization to aridity. A smaller niche breath defines species specialized to a 210 particular range of aridity conditions, whereas the shape informs about the preference of 211 such species for more or less arid environments. Hence, communities dominated by 212 species specialized to aridity will be defined by lower CW-Niche breath and negative 213 CW-Niche skewness (i.e., right-skewed, indicating preferences for high aridity level). 214
We observed a strong correlation between niche breadth and skewness (r > 0.60): 215 communities dominated by species with a narrow niche breath tend also to be 216 dominated by species with a negative skewness ( Fig. 2) . Therefore, we used only CW-217
Niche skewness as a measure of the community specialization towards arid 218 environments (community specialization) in further analyses. 219
Step iii -Developping a statistical model to predict species abundance 220
-Plant-Plant interactions: Expected abundance using co-occurrence matrices 221
For each site, we obtained an estimate of the expected relative abundance of each 222 species according only to plant-plant interactions, measured as spatial co-occurrences. 223
We used aggregation/seggregation as proxies of facilitation/competition, respectively 224 (Tirado & As a metric of spatial aggregation/segregation, we obtained a normalized score 233 of co-occurrence using PAIRS (Ulrich 2008) . PAIRS randomizes the matrices of 234 species occurrences within the quadrats (one per site) and detects deviations from 235 random spatial association patterns in all species pairs while controlling for false 236 positives due to multiple testing (Gotelli & Ulrich 2010). We used an abundance-237 weighted swap method to randomize species occurrence. This method assumes 238 sampling quadrats with equal probabilities of being colonized and keeps species 239 richness and local abundances constant to account for overall differences in habitat 240 suitability. We obtained co-occurrence in both observed vs. randomized communities 241 for each species pair in each community as: 242
where n is the number of occurrences of target species (ni) and its neighbours (nj), and is 244 N the number of co-occurrences of both species together. We used the standardized 245 effect sizes obtained from comparing co-occurrences of the null model with that 246 observed in the field as a metric of the strength of the interaction between target species 247 and their neighbours as a function of the deviation from random co-occurrence of 248 species i and j. Thus, standardized effect sizes are comparable between different pairs, 249 but do not take into account how frequent is the interaction within the community. To 250 correct for this, we estimated the relative abundance of a species i expected due to 251 competition (i.e., negative co-occurrence, equation Where AAb, FAb and CAb represent aridity, facilitation and competition-driven 289 abundances, respectively. Size is the height of species i. We obtained the standardized 290 effect sizes of all variables on relative abundance. We assume that the effect size of how 291 suitable the local aridity is for a given species (AAb) and plant-plant interactions on 292 relative abundance represent the relative importance of abiotic factors and plant-plant 293 interactions, respectively, as drivers of the assembly of the communities analyzed. 294
Step iv -Exploring changes in the relative importance of biotic/abiotic assembly 295 drivers across gradients of aridity and community specialization 296
First, we ordered all sites according to either aridity or community specialization 297 (contingent factors). Then, we took the 45 sites with the lowest values of each contingent factor (as this number of sites allowed sufficient statistical power for our 299 model), and performed the mixed model described in equation 5 (see Fig. 1.d ). In the 300 case of community specialization, we did not use the interaction terms described in 301 equation 5. We did so because CW-Niche skewness already summarizes the influence 302 of species adaptation on the importance of plant-plant interactions and, therefore, the 303 information extracted from interaction terms is redundant with that extracted from the 304 gradient. 305
We bootstrapped the standardized slopes of each predictor to obtain their 306 confidence intervals, which were matched to the average value of the contingent factor 307 studied across the 45 sites. Next, we removed the community with the lowest value of 308 the contingent factor studied from the 45 selected sites, and added the community 309 scoring the next higher value to repeat the same calculations. We repeated this loop as 310 many times as sites remained (112). The coefficients of the standardized predictors 311 included in the linear mixed models provide a comparable measure of the importance of 312 plant-plant interactions and position of each species regarding its aridity niche. We used 313 the 95% confidence interval to assess changes in the importance of biotic/abiotic 314 assembly drivers across the gradients studied. 315
Further statistical details 316
To maintain information representative of the community level in the analyses 317 described in steps ii, iii and iv above, we used all sites for which we gathered enough 318 information (e.g., discarding species with less than 20 occurrences [see appendix S1], or 319 those for which we could not retrieve height values) for the species that summed up at 320 least 60% of the total perennial vegetation. 
RESULTS 339

Common strategies on species adaptive response along aridity gradients 340
The relationship between the CWM of aridity optima and observed aridity was close to 341 the 1:1 line (slope = 0.8 ± 0.19), but deviated from this line at intermediate aridity levels 342 (about 0.6-0.8; Fig. 2a ). Both CW-Niche skewness and CW-Niche breadth decreased 343 within this aridity range, suggesting that species became more specialized to arid 344 conditions by skewing their niches to the right (i.e., showing preference for more arid 345 environments; Fig. 2b and 2c ). All these trends were not confounded by the uneven 346 distribution of the number of communities across the aridity gradient ( Fig. S3 ).
assembly drivers 349
The strongest predictors of the relative abundance of each species were facilitation 350 (measured as positive co-occurrences) and aridity, which exhibited similar effect sizes 351 ( Fig. 3) . Competition (negative co-occurrences) and the interactions between aridity-352 driven abundance and plant co-occurrences showed negative effects in the overall 353 model. The negative effects of interaction terms suggest that species well adapted to 354 aridity in drylands usually experience less facilitative effects and more competitive 355
effects. 356
The importance of aridity as an assembly driver increased up to aridity levels ~ 357 0.75 (i.e., the limit between arid and semiarid climates), and remained constant beyond 358 that value (Fig. 4a , see also Table S1 ). The effect of facilitation declined linearly, while 359 that of competition increased (i.e., became more negative), with aridity. However, the 360 effect of competition was only significant under very high aridity levels (0.75-0.80). 361
The interaction term between aridity-driven abundance and competition shifted from 362 negative at wetter sites to positive at dryer sites. These results indicate that, in the less 363 arid sites of our gradient, competition was less important for species more adapted to 364 local aridity than for those less adapted to them. Conversely, at high aridity levels, the 365 effects of competition were stronger for species well adapted to aridity than for those 366 that were far from their aridity optimum. The interaction term between response to 367 aridity and facilitation turned negative (Table S1, Fig. 4b ), although only significant in 368 some points of the gradient, with increasing aridity. This result suggests that, under high 369 aridity conditions, facilitation tend to be a more important driver of species´ abundances As communities became more specialized, the importance of facilitation as a 372 community assembly process decreased (Fig. 5 ). This corresponded with an increase of 373 the importance of competition and aridity-driven abundance. The decline in the 374 importance of facilitation was abrupt and became not significant around values of 375 skewness=0, thus representing Gaussian-like shapes. These results remained consistent 376 when using autoregression analyses instead of generalized additive models (Table S1 ). 377
378
DISCUSSION 379
By merging approaches operating at contrasting spatial scales, we showed the 380 differential effect of abiotic conditions and plant-plant interactions according to current 381 aridity levels and the degree of habitat specialization of the species pool to aridity. Our 382 study provides fundamental information on how species assemble in global drylands 383 and may help to forecast future community composition in response to climate change. 384
We found that facilitation (measured as positive spatial co-occurrences) and aridity 385 largely explained community assembly in global drylands. The weak effects of 386 competition and the interactions between abiotic and biotic drivers observed were 387 explained by shifts in the importance of abiotic/biotic assembly drivers across gradients 388 of aridity and specialization. We also observed a shift towards communities more 389 specialized with aridity, which substantially reduced the importance of facilitation in the 390 assembly of these communities at the most arid sites studied. 391
Facilitation as driver of community assembly in drylands 392
We found that facilitation and aridity were the two main assembly factors in dryland 393 plant communities. The high importance of facilitation on explaining local plant 394 abundance found here suggests that species niches might be highly influenced by this 395 particular biotic factor in dryland communities. Particularly, the importance of facilitation was maximum in mild drylands (those with aridity values lower than 0.7) 397 and for generalist communities (Fig. 3 ). Our results also indicate that facilitation 398 importantly affect the abundances of not only rare but also dominant species in these 399 sites, as previously documented (Le Bagousse-Pinguet et al. 2014). This peak in the 400 importance of facilitacion could be driven by two ecological mechanisms: i) species less 401 well-adapted to local conditions are those that benefit the most from facilitation, 402 specially at moderate levels of stress 2017). However, with our approach is not possible to distinguish between these two 407 mechanisms. Given that biotic interactions show stronger effects at local scales 408 (Pearson & Dawson 2003) , and that the optimum of the niches matches the aridity of 409 our sites (thus suggesting that niches were primarily linked to abiotic conditions, Fig.  410 2), we assume that the former mechanism (facilitation favouring less adapted species) is 411 more likely to occur in the communities studied. However, the high importance of 412 facilitation in our study supposes a good starting point to encourage the study of how 413 facilitation may affect the niches of dryland species at mild environmental conditions. 414
415
Changes in abiotic/biotic controls of community assembly across aridity and 416 specialization gradients 417
Our SDMs indicated that species niches became narrower and more skewed to dry 418 conditions at aridity levels > 0.7 (Fig. 2) . This suggests a high degree of specialization 419 of those species growing under more arid conditions, probably as an adaptive response specialization of the species pool (Butterfield 2015), our results suggest that 423 communities already experiencing high levels of aridity should not be expected to 424 drastically shift their composition with further aridification. The latter is supported by 425 the asymptotic trend on the importance of aridity-driven abundance in the most arid 426 drylands ( Fig. 4a for aridity > 0.75, Fig. 5 ), and the lower levels of beta-diversity found 427 in these communities (Ulrich et al. 2014 Concomitantly, specialization of the species pool affected also the relative 431 importance of plant-plant interactions at the community level ( Fig. 5, Fig. S5 ). Indeed, 432
we found a collapse of facilitation as a driver of plant community assembly -as 433 previously forecasted by studies focusing on pairwise interactions (e.g., Tielbörger & 434 interactions within plant communities. As specialists became dominant in high aridity 441 sites ( Fig. 2b and c) , the community-scale importance of facilitation declined, and that 442 of competition increased, along the aridity gradient evaluated (Fig. 4a ). Note that within 443 high aridity sites, facilitation was still more important for species not adapted to local 444 aridity conditions than for those not adapted to them (Fig. 4b) . Overall, our results 445 support the notion that facilitation is less important for locally-adapted species, and that 446 The SDMs effectively isolated the effect of abiotic conditions, as supported by the good 481 fit of estimated aridity optima of the observed community vs. the local aridity of each 482 community ( Fig. 2a ). In addition, our results are in accordance to those estimating the 483 relative importance of biotic/abiotic assembly drivers from patterns of height variation 484 Furthermore, by explicitly considering the adaptation of species to aridity we showed 491 that facilitation was more important for maladapted species in drylands, and that 492 specialized species pools estabilize the effect of environmental filtering across a large 493 range of aridity levels. Our results emphasize the role of species adaptation to aridity as 494 a modulator of the role of environmental filters and plant-plant interactions as drivers of 495 community assembly. They also suggest that the composition of arid plant communities 496 may be highly resilient to further increases in aridity, and that facilitation is key to 497 preserve species less adapted to high aridity levels. These findings can be used to refine 498 forecasts of plant community composition under climate change in drylands, the largest 499 biome on Earth. 
